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OPERATIONS AND MAINTENANCE MANUAL 
FOR A FULL-SCALE BIOSLURPER SYSTEM 

AT SWMU7 AT NAVAL STATION MAYPORT, FLORIDA 

Section 1.0: INTRODUCTION 

1.1 Background and Objectives. The purpose of this manual is to provide guidance in the 
operations and maintenance of a full-scale vacuum-enhanced free-product recovery system (i.e., a 
bioslurper) to remediate subsurface contamination identified in the area of Solid Waste Management Unit 
(SWMU) 7 of Naval Station (NAVSTA) Mayport. The primary objective of this technology is to recover 
free-floating product existing as light, nonaqueous-phase liquid (LNAPL). This manual describes the 
components of the bioslurper and the operation of each piece of equipment. Maintenance requirements of 
the system are detailed and a schedule is given, as are performance monitoring and sampling requirements. 
A section on troubleshooting is included to help NAVSTA personnel reduce system downtime. Health 
and safety issues as well as training requirements for all personnel involved in bioslurper system operation 
also are addressed. 

This manual is based on the full-scale conceptual design developed by Battelle and may need to be 
modified if the full-scale system deviates from Battelle’s design plans detailed in the document entitled 
Full-Scale Conceptual Design of Bioslurper System for SWMJ7 at Naval Station Mayport. Florida 
(Battelle, 1996a). The conceptual design was based on an initial 2-week pilot-scale test performed at the 
site to determine if bioslurping would be effective in removing the free product at the SWMU7 area. 
Product recovery rates, soil-gas permeability test results, and in situ respiration data collected during pilot- 
scale testing were used to establish the bioslurper system configuration for this site. The bioslurper system 
was designed to recover free product from areas where it has been observed during previous site 
investigation activities. The system is designed to use an off-gas treatment unit; however, continued use 
will be dependent on regulatory requirements. A number of options are provided for treating the discharge 
water. Discharge regulatory requirements and contaminant loading will dictate which of these treatment 
options is required at the site. 

1.2 Technology Description. Bioslurping is a technology application that teams vacuum-assisted 
free-product recovery with bioventing to simultaneously recover free product and remediate the vadose 
zone. Unlike other LNAPL recovery technologies, bioslurping systems treat two separate geologic media 
simultaneously. Bioslurping pumps are designed to extract free-phase fuel from the water table and to 
aerate vadose zone soils through soil-gas extraction. Bioslurper systems also can be designed to achieve 
hydraulic control as is done with the conventional pump-and-treat technology. The bioslurper system 
withdraws groundwater, free product, and soil gas in one process stream using a single aboveground pump. 
Groundwater is separated from the free product, treated (when required), and discharged. Free product is 
recovered and can be recycled. Soil-gas vapor is treated (when required) and discharged. 

The bioslurping technology is unique because it uses elements of two separate remedial 
technologies, free-product recovery and biovenlingkoil vapor extraction, to address two separate 
contaminant media. 

1. Free-product recovery is the process of removing free-phase petroleum in liquid 
form from the capillary fringe. LNAPL recovery generally is accomplished by 
using either (a) a skimmer pump to pump out any fuel that passively enters a well, 
or (b) a dual-pump recovery system in which one pump lowers the water table and 
increases the fuel flow into the well (due to the gravity-induced gradient) and the 
second pump skims off the fuel. 



-._ --- 

2. Bioventing and soil vapor extraction are forced aeration processes that enhance 
the natural in situ biodegradation of petroleum contamination and the removal of 
volatile organic compounds (WCs) from the vadose zone. 

Both technologies, which are described in detail in Section 1 .O of the Best Practices Manual for 
Bioslurping (Battelle, 1996b), are widely used in some form. Bioslurping combines elements of each to 
simultaneously recover free product and aerate the vadose zone soils. Conventional LNAPL recovery 
skimmer systems generally are inefficient for LNAPL recovery because they have little effect on free 
product outside the recovery well, so efficiency relies on the passive movement of fuel into the recovery 
well. Dual-pump LNAPL recovery systems increase recovery efficiency by drawing the water table down 
several feet to create a hydraulic gradient into the well. Although higher recovery rates are achieved, 
creation and maintenance of the hydraulic gradient can require extraction of large volumes of groundwater 
that must be treated prior to discharge. In addition, lowering the water table may serve only to trap much 
of the free product in the newly exposed vadose zone so that it reappears when the water table returns to its 
normal level. 

Bioslurping may improve free-product recovery efficiency without requiring the extraction of large 
quantities of groundwater. The bioslurper system pulls a vacuum of up to 20 inches of mercury on the 
recovery well to create a pressure gradient that promotes movement of fue1 into the well. Bioslurping 
treats the vadose zone by increasing the oxygen levels in the unsaturated soils through soil-gas extraction. 
The slurping action of the bioslurper system cycles between recovering liquid (free product and/or 
groundwater) and recovering soil gas. When free-product removal activities are complete at a site, the 
bioslurper system is easily converted to a conventional bioventing system to complete remediation of the 
vadose zone soils. 

Bioslurping systems are designed to minimize environmental discharges of groundwater and soil 
gas. As done in bioventing, bioslurpcr systems can be designed and operated to extract soil gas at a low 
rate to reduce volatilization of contaminants. In some instances, the volatile discharge from the bioslurper 
can be kept below treatment action levels without treatment. The slurping action of a bioslurping system 
greatly reduces the volume of groundwater that must be extracted compared to conventional LNAPL 
recovery systems, thus greatly reducing groundwater treatment costs, Figure 1 illustrates the differences 
between conventional dual-pump LNAPL recovery and bioslurping. 

Nonaqueous-phase liquids that are less dense than water move downward through the vadose zone 
and accumulate at and above the water table. Generally, the vertical interval containing the accumulated 
LNAPL also contains some air and water. Near the top of the LNAPL zone, both water and LNAPL 
contents are low and most of the pore space is occupied by air. LNAPL contents usually are greatest 
toward the center of the LNAPL zone and decline to zero at the bottom where the pore space is fully 
occupied by water. 

A significant feature of the slurping process is the induced air flow toward the well, which is 
believed to increase LNAPL flow to the well. The pressure gradient created in the air phase causes a 
driving force on the LNAPL that is similar to the hydraulic gradient created with the dual-pump recovery 
system. Also of importance is the fact that the air flow created by the vacuum actually enhances the 
LNAPL content around the well. That is, the LNAPL tends to accumulate around the well. For these 
reasons, bioslurping has the potential for removing more LNAPL and at greater rates than do other 
pumping technologies. 
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